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ABSTRACT

Concentrations of air, CO,, SO,, and He were measured in gases collected from the
Halemaumau and 1971 fissure summit fumaroles on Kilauea volcano, Hawaii, from June
1987 to February 1989. Sampling and analysis of the gases are described and gas
measurements are listed. Wind direction and speed and rainfall measurements made during
the same time period are also listed.

INTRODUCTION

Kilauea volcano is located on the southeastern flank of Mauna Loa volcano. The
summit and east rift zone of Kilauea are the most active eruption and intrusion areas on the
volcano (Gerlach, 1986). The summit area of Kilauea is occupied by a caldera that has a
roughly eliptical shape of about 2.8 x 4.0 km.

The Halemaumau pit crater lies within the summit caldera and, historically, has been
the most active vent on the volcano. Most of the non-eruptive degassing of Kilauea
originates from fumaroles located within and adjacent to Halemaumau (Greenland and others,
1985). A summit magma chamber, located about 2 to 6 km beneath the caldera, supplies
magmatic gases to the fumaroles (Gerlach, 1986).

Fumarole gases have been collected and analyzed on occasion for many years.
However, in the last 10 years, effort has concentrated on systematically collecting and
analyzing non-eruptive gases from two of the summit fumaroles, in an attempt to monitor
movement of magma beneath the summit and to possibly forecast eruptions in the summit or
even along the east rift zone by changes in fumarole gas composition. Greenland and others
(1985) suggested that at least some of the day-to-day variations in SO, emissions reflect
short-term variations in magma supply to the reservoir. Gerlach (1986) suggested that
changes in summit CO, emissions may reflect changes in the rate of supply of parental
magma to the summit chamber, which in turn may affect reservoir stresses and the probability
of eruptions of magma already in storage.

Measurement of total C/S gas ratios have been used to distinguish gases exsolving
from magma that is stored in summit reservoirs from gases associated with eruptions of
magma that has come directly from the 'mantle (Greenland, 1987); ratios of total C/S gas
contents of fumarole gases have also been proposed for monitoring and predicting magma
movement. Increases in the He/CO, ratio at the 1971 fissure fumarole were proposed as a
means of predicting impending eruptive activity; this fumarole is thought to be located almost
directly above the summit reservoir (Thomas and Naughton, 1979).

For this study, gases were collected from two summit fumaroles. The Halemaumau
fumarole (HMM) is located on the east side of the Halemaumau pit crater, close to the
Halemaumau trail. The 71F fumarole is located on the 1971 fissure, and is actively
depositing sulfur. Both fumaroles have temperatures of approximately 93°C (B. Stokes,
unpublished data). This report describes the methods used to collect gases from the HMM
and 71F fumaroles, the methods used for gas analysis, and tabulates the results of the
analyses. Wind and rainfall data are also listed.



SAMPLE COLLECTION

The fumarole samples were obtained using 2-meter-long teflon or polyethylene tubes,
0.5 cm-i.d., inserted into the vents. The vent gas was pumped through the tube with a hand
pump and stored in 125 cc flow-through glass bottles with teflon stopcocks on both ends;
these samples were analyzed for air, CO,, and SO,. Splits of the gas samples in the flow-
through glass bottles were taken for N, and He analysis using a plastic syringe and needle.
The gas splits were injected into 5 cc evacuated glass vials with air-tight rubber stoppers; gas
samples were allowed to flow into the evacuated tubes using only the vacuum present in the
tubes. The needle hole in the rubber stopper was covered with silicone glue.

Wind direction and wind speed were recorded on days when SO, concentrations in
plume gases were analyzed by correlation spectrometer (COSPEC). Wind direction and speed
were measured on COSPEC data collection days by windmeter; details of the methods used
were given by Casadevall and others (1987) and by Chartier and others (1988). Rainfall was
measured daily at the Uwekahuna vault, about 0.5 km from the Hawaiian Volcano
Observatory.

SAMPLE ANALYSIS

The gas samples in the flow-through bottles were analyzed by gas chromatography for
air, CO,, and SO, within 1 hour of collection. Operating conditions for the gas chromato-
graph are shown in table 1. Gas sample size was 0.1 mL. Concentrations of CO,, SO,, and
air were measured compared to standard curves, and are reported as volume percents of the
total gas sample.

The gas samples in the evacuated glass tubes were analyzed for N, and He approx-
imately 4 to 20 days after collection. For N, analysis, gas in the vials was removed by
injecting 5 ml of He (equal to the volume of the vial) into the vial and removing the mixture
of fumarole gas and added He. These gas mixtures were analyzed by gas chromatography.
Operating conditions for the gas chromatograph are shown in table 2. Concentrations of N,
were measured compared to standard curves and reported as volume percent of the total gas
sample. Known concentrations of N, were analyzed several times per day to ensure stability
of the instrument.

For He analysis, gas in the vials was removed by injecting 5 cc of air (equal to the
volume of the vial) into the vial and removing the mixture of fumarole gas and added air.
This mixture was analyzed for He using mass spectrometry (Reimer and Denton, 1978).
Results of sample analysis were recorded as ppb He above or below the concentration of He
in air. Standard samples of air containing known concentrations of He were run several times
per day to insure stability of the instrument. Reproducibility of the determination was +/- 25
parts per billion (ppb) above or below the concentration of He in air. In addition to the He
from the fumarole gas, the He measured in the samples included a mixture of (1) residual He
in the evacuated vials, (2) atmospheric He from air contamination of the fumarole, (3) He in
air accidently added to the gas sample during the transfer of sample from the flow-through
sampling bulb to the 5 cc evacuated tube, and (4) any He in air that may have leaked into the



vial before analysis. However, these evacuated vials generally do not show any leakage into
or out of the vial for periods up to 2 months (Hinkle and Kilburn, 1979).

The glass vials used for sample storage were approximately 80% evacuated and
contained a residual concentration of He, which had been introduced during the manufacturing
process. The amount of residual He was the same for all the tubes in each lot produced by
the manufacturer. This residual He concentration was measured and subtracted from the raw
measurement of He in each sample.

Excess helium in the sample from air contamination of the fumarole or of the sample
was calculated from measurement of the N, content of each sample, assuming that normal air
contains 78.08% N, and 5240 parts per billion (ppb) He (Glueckhauf, 1946; Oliver and
others, 1984). The calculated He in the air component of the sample was subtracted from the
measured He, after subtracting the residual He in the tube. The remaining He was considered
to be the true He content of the fumarole gas that was in excess of the He content of air. All
of the gas samples were at or above the He concentration in air. The He concentration in
fumarole gas was converted to parts per million and is shown in tables 3 and 4.

DESCRIPTION OF DATA TABLES

Data from the analyses were entered into an IBM personal computer and stored on
disks, using STATPAC programs developed for personal computers by the U.S. Geological
Survey (Grundy and Miesch, 1987). Data for all measurements obtained during the study are
listed in tables 3-5. Data listed are volume/volume concentrations of air (%), CO, (%), SO,
(%), CO,/SO,, N, (%), He (ppm), wind direction (degrees), wind speed (meters/second), day
after start of sample collection (day 1 = January 1, 1987), and rainfall (inches).
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TABLE 1. Operating conditions for the gas chromatograph used for analysis

of air, CO,, and SO,

Type of gas chromatograph
Detector
Lower limit of detection
Reproducibility

of replicate samples

Column

Carrier gas
Temperature

Integrator

Hewlett-Packard 5840A/1810A
dual thermal condictivity 5840A-220
0.1 %

+/- 1%

Stainless steel:
pre-column---12 in x 1/8 in
silica gel (100/120 mesh)
primary column---48 in x 1/8 in
chromasorb 107 (80/100 mesh)
helium at 16 mL/minute

column: 145°C
detector: 350°C
Hewlett-Packard 5840A

TABLE 2. Operating conditions for the gas chromatograph used for

N, analysis.

Type of gas chromatograph
Detector
Lower limit of detection
Reproducibility

of replicate samples
Column

Carrier gas
Temperature

Integrator

Carle AGC-100
thermistor detector
1% N, (vol/vol)

+/- 1%
concentric stainless steel:

outer column--72 in x 1/4 in
molecular sieve

inner column--72 in x 1/8 in
porapak mixture

Alltech Associates, Deerfield, IL)
helium at 90 mL/minute

column: 70°C
detector: "low" mode

Varian control data system 401




Table 2. Data for the HPM fumarole.
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Table 3. Data for the HHM fumarols.
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Table 2. Data for the HHMM fumarole.
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Table 4. Data for the 7I1F tumarole.

Date Day Air-4 COZ-% 602-7% CO2/802 N2-7Z  He-ppm
lolea7 292 5.5 50,7 44,4 1.4 o & 07
1o22a7 2935 A0 S1.E 45.7 1.1 8.9 4,21
102687 299 4.7 50.7 45,1 1.4 2.0 4.7
101887 301 4.6 Sla1 44,73 1.2 B2 4. 55
110287 206 E.h 5101 45, 4 1.1 28.4 ba 52
110387 307 4.0 50.9 45, 2 1.1 E7. 6 G SE
110987 F. 8 50.8 45, 4 1.1
111087 E0E Si.1 S 1.1
1132087 3 19.2 4E.3 E7.5 o2
laolg7 EE5 14.1 45, & 40, 73 1.1
120787 3241 Ik 51.2 4503
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Table 4. Data for the 71iF fumarole.

Date Day fAir-% COZE-%  S02-W COZ/80Z NE-W He-ppm
S0488 490 &5 G7 .3 ZH.4 1.6 24,0 O
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Table 4. Data 4or the 7IF fumarole.

Date Day Air-7% CO2-%W  S02-%4 CO2/80E  NZ2-YL He-ppm
101288 &51 1.5 59.7 8.8 1.5 2.8 el
101Ess &3 DL T 2.6 i9.7 1.5 Téa7 (130
101788 656 a5 591 ig.4 1.5 AGL0 4. 24
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&6H5 2.9 7.0 8.1 1.5 ZTCT Z.48
b&b Ha 0 S 28,0 1.5 R &. 10
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Table—53.

Date
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Table-5. Wind data.

Date WindDir {(degrees) WindSpeed(m/s)
HOHEBE8 40,0 bal7

61488 767
&21a8 G9.87
62288 b 25
&H2788 H. 25
HZ2BE8 .71
&2988 &.45
HA0BH 5. 05
70588 7 .48
70688 7.98
71188 20.0 7w b4

71888 25.0 8.24
71788 27.5 6. 4%

T2088 25.0 &b
72188 50,0 4.6
72688 IO 4.83
727688 20,0 715

72888 20.0 8.42
80188 5.0 4.57
80488 20.0 6. 54
80288 25,0 7.07
81588 22.5 b 44
81748 12.5 7.57
21588 27.5 .86

71988 E0,0 S5.02
100688 20,0 S.7%
1017388 23,0 S5.79
102688 25.0 4.57
102788 20.0 D942

103188 20.0 &.85
110188 e i &.19
111084 25.0 4.83
111584 28.0 I.64

121288 3.0 E2CTS
122088 17.5 4.98
122188 F0.0 4.5

122888 27.5 4,731
103289 E5.0 4,38
10489 12.5 5.63
10589 17.5

TG

o
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TABLE-6.

Rainfall at the Uwekahuna

Sample
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70287
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70487
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71587
714687
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72487
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72887
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20487
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Rain{in?

G, 04
Q0,03
GO0
Gy OO0
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.02
Q.02
0, OO
0. 00
.04
0.05
0, OO
.Gl
Q.13
.01
0.01
.17
0,04
Q.02
Q.05
Q0,01
0,01
0,01
Q. QOO
Q.00
0. 00
0.035
.02
0015
Q.03
0,00
Q.00
0.00
Q.01
1.82
1.25
Q.46
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Q.00
Q.02
Q.01
0.04
Q.00
0.01
0,01
0. 05
.04
0.01
0,01
Q.00
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Day
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Rain+tall at the Uwekahuna Vault
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0.01
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0. 00
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Q. 00
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0. 04
0.03
O.10
0.92
0.72
Q.00
.46
O, Q0
G, 00
0. Q0
Q.03
Q.00
0.27
Q.03
0.09
Q.10
0. 00
0.10
Q.00
O.09
0.00
0.00
0.07

0.23

1.07
7.80
0.00
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Rainfall

at the Uwekahuna Vault

Sample
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

e
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123
124
125
126
127
128
129
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e
et e
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1Z4
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136
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1473
144
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1446
147
148
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150
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Date
Q2687
Q2787
Q2887
22987
087
100187
100287
100387
100487
100587
1004687
100787
101087
101187
101287
101387
191487

101387 .

101687
101787
101887
101987
102087
102187
102287
102287
102487
102887
102687
102787
102887
102987
103487
103187
110187
110287
110387
110487
110387
110687
110787
110887
110987
111087
111187
111287
111387
111487
111587
111687
111787

Rain{in)
Q.00
G, Q0
.01
.00
0.08

Q.23

Q.10
1.27
0, 00
.04
O, 00
O, 00
0. 00
O, 00
0,00
i, 00
1.07
0.51
0, 00
0. 00
0,02
Q.00
0. 00
0,02
0.19
0,09
O.03
0. 0F%
0. 08
0. 00
Q.00
0. 08
.02
.00
0. 00
Q.10
Q.03
0.01
0. 00
0. 00
Q.00
O.00
Q.00
0. 00
0.00
.18
0. 00
0. 02
0.01
0.01
0. 00
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Day
269
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AT
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273
274

279

276
277
278
279
280
2873
284
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286
287
288
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S04
305
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207
Z08
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310
311
512
13
Z14
313
216
317
=18
319
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Rainfall at the Uwekahuna Vault

Sample Date Rain{in) Day
153 111887 0.2 22
154 111987 0.01 323
155 112087 0,01 324
156 112187 Z.00 325
157 112287 0,92 32
158 112387 0.09 2
159 112487 3.35 28
160 112587 0.09 2
161 112687 0.11 I3
162 112787 0.01 31
163 112887 .01 332
164 112987 0. 00 IE3
165 113087 0. 09 374
166 120187 0.0F I35
167 120287 0.01 36
168 120387 Q.00 337
169 120487 0. 00 338
170 120387 . 0,00 - I39
171 120687 0. 00 340
172 120787 0. 03 241
173 120887 0.09 42
i74 120987 0,01 343
175 121087 0.01 Z44
176 121187 0.12 45
177 121287 2.073 I46
178 121387 10.70 347
179 121487 IT.3IZ 348
180 121587 0.41 49
181 121687 0.45 =30
182 121787 0.31 Z51
183 121887 1.64 52
184 121987 5. 00 393
i85 122087 0.05 354
186 122187 0.02 755
187 122287 .11 356
188 122387 0.08 357
189 122487 0,05 58
190 122887 0.02 759
121 122687 0. 00 60
192 122787 0.10 Z61
193 122887 0.16 362
194 122987 0.11 363
195 1235087 0.15 3464
1946 123187 0.03 365
197 10188 0,20 Z66
198 10288 2.11 67
199 10388 0. 01 Z468
200 10488 0. 00 369
201 10588 0.01 I70
202 104688 0,00 F71
203 10788 0.01 372

19



Rainfall at the

Sample
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
el lel

iy iyt

AT

23
224
225
226
227
228
229
230

s Pt

aly ct it

L St
[P i

234

L 34—
aatud

ryr

O

L
o

38
239
240
241
242
247
244
245
246
247
248
249
250
251
252
253

254

Uwekahuna

Date
10888
10988
11088
11188
11288
11388
11488
11588
11688
11788
11888
119886
12088
12188
122889
23688
12489
12589 .
12688
12788
12888
12988
132088
13188
20188
20288
20%88
20488
20588
20688
20788
20868
20988
21088
21188
21288
21788
21488
21589
21688
21788
21888
21988
220849
22188
22288
22388
22488
22588
224689
22788

YVault

Rain{in)
0,00
Q.00
Q.00
G.27
0.01
0.01
Q.00
0. 02
0.06
0. 10
.01
0.01
0. 00
G. 01
.02
Q.02
0,03
.01
Q.00
0.01
0.02
Q.20
0. 40
0. 05
Q.02
0.01
0. 00
O, 00
0,04
Gl Q0
Q.00
Q.04
0.13
0.09
0,03
0.01
0.12
0.01
Q.30
0.47Z
.01
0.04
O, 00
Q.00
0,02
0. 00
G.15
0.17
0.01
.28
0.05

29

Day

I73
74

73
376
277
78
79
B0
81

I8z
83
B4
i85
86
=87
o8
89
I90
391

92
9=
394
I95
296
397
398
399
400
401

402
4073
404
405
406
407
408
409
410
411

412
4173
414
415
416
417
418
419
420
421

>
< al

423



Raintall at the

Sample
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
279
279
230
281
2892
283
284
285
286
2897
298
299
294
291
292
29=
294
2935
296
297
298
299
Z00
301
J02
ZOZ
204
F05

Uwekahuna Vault

Date

22688
22988
30188
230289
03788
30488
30588
0689
30788
20888
0948
31088
1188
21289
31788
31488
21588

Z1688.

31788
21988
31988
32098
22188
F2288
32788
22488
2589
I24688
2789
z26898
Z29498
23098
33188
40188
40288
40388
40489
40589
404688
40788
4089889
40988
41089
41188
41288
41388
41489
413599
41888
41988
42083

Rain{in)
0.18
0.04
0. 02
0.01
0.01
.00
0. Q0
0.03
0.01
0.01
0,28
0,02
0. 00
OO0
0. OO0
Q.00

0.04

0.37
0.01
0.05
0.00
0. 00
.04
0,07
.14
0.29
0.21
.48
0.51
0,07
0.18
.06
0.57
0.10
0,02
0.05
O.03
020
0.02
0.07
0.00
0O.03
0.00
0.46
Q.00
0. 00
0.00
0.00
0. 00
0. 00
Q.00

21

Day
424
425
426
427
428
429

0
431
432
4733
434
435
436
437

8
439
440
441
442
4473
444
445
4464
447
443
449
450
451
452
453
454
455
456
457
453
459
450
461
4462
463
464
465
48646
467
4468
4469
470
471
474
475
476



FRainfall at the Uwekahuna Vault

Sample
I06
207
08
Z09
310
Z11
T2
F1E
314
15
Z1é
317
18
19
T20

-t ae

TR
-t sl

i
Dl

324

-
325

s
326
-~

ot s

cted
T
omt e

529
30
rer
bt
32

mperer
tembec

=T
RS
ot e —
bt
-
336

-
- 7
-
A

IT9
340
41
3472
347
344
A5
46
47
=48
49
350
51
=52
353
354
355

356

Date
42188
42288
2388
42488
42588
424688
42788
42888
42988
47088
50188
S02BR
50788
50488
50588
50688
50788

S08868 .

50988
51088
51188
51288
51788
51488
51588
51688
51788
51888
51988
52088
52188
52288
52788
52488
52588
52688
52788
52888
52988
53088
53188
60188
L0288
60388
60488
60588
504688
60788
HO8B8
60988
651088

Rain(in)
Cia Q0
0.13
O.03
G. O3
0. 00
Q0. 00
Q003
0O.01
Q.08
.00
.12
0. 05
0.12
0.08
0.1
Q.03
G, 08

G.04 -

Q.00
O.01
0.14
Q.01
.01
0. 00
0. 00
Q.00
0. 00
0,01
0. 00
O, 00
Q.00
0. 00
0,00
Q.00
0,00
0, 00
0, Q0
0. 00
0.30
Q.01
Q.00
0,01
0,00
0. 00
Q.00
0,02
Q.03
0. 04
0.07
0. 02
0,05

22

Day
477
478
479
480
481
482
483
484
4895
486
487
488
489
490
491
492
457
494
495
496
497
498
499
500
o0l
S02
S03
304
905
S06
S07
508
509
910
511
212
S13
314
3515
916
317
218
a1
520
521
522

~Tr
e ot

524
525
526

o927



Rainfall. at the Uwekahuna

Sample
57
28
559
360
361
262
I65
Z64
65
I66
67
368
269
370
71
372
373
374
375
376
377
378
379
380
=81
gz
83
84
85
Z86
=87
88
89
390
91
g2
93
94
95
396
397
z398
99
400
401
402
4035
404
405
406
407

Date
61188
61288
&-13288
51488
61588
61688
61788
61888
61988
62088
62188
62288
2388
62488
2588
624688
62788

62888 .

62988
63088
70188
70288
70388
70488
70588
704688
70788
70888
70988
71088
71188
71288
71388
71488
71588
71688
71788
71888
71988
72088
72188
72288
72388
72488
72588
72688
72788
72888
72988
77088
73188

Vault

Rain(in)
.05
O.01
Q.00
O, Q0
T, OO0
O, 00
0. 00
0,01
QL 00
0. 00
Q.00
0, 00
3. OO
Q.00
O, 00
Q.00
O.00

0. 00

0. 00
0. 00
Q0. 00
O. 00
Q.00
O, Q0
0.10
0,00
0.02
0, QOO
0.26
0.13
0.01
0. 00
Q.00
Q.00
0. 00
.00
0. 00
Q.00
Q.00
Q.00
Q.07
O, Q0
0. 00
0.01
0.05
G, 00
.00
.00
0.00
0. 00
O.00

23

Dav
528
529
530
331
532
333
534
333
536
37
538
353
340G
541
542
543
544
345
S46
547
548
=549
530
551

=
532

33
554
533
5596
557
558
559
S60
S61
62
363
564
565
566
567
568
569
570
571
S72
575
374
S75
976
577
S78



Rainfall

at the Uwekahuna

Sample
408
409
410
411
412
417
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
4730
471

s an]
-t e

474
435
436
az7
438
439
440
441
442
447
444
445
446
447
448
449
450
451
452
4573
454
455
456
457
458

Date

80188
80288
80OIB88
80488
803588
80688
80788
80888
80988
81088
81188
81288
81788
81488
81588
81688
81788

81888 .

819688
82088
B2188
822808

2788
82488
82588
82688
82788
82888
82988
87088
83188
90188
Q0288
Q0Z88
20488
0588
0688
90788
QDE88
Q0I88
21088
91188
21288
91788
21488
21588
914688
91788
91888
91988
2088

Yault

Rain (in)
Q.00
Q.00
0.17
0.01
0.00
0. 25
2. 20
.85
Q.00
0. 00
Q.05
0,95
Q.03
0,00
0. 00
v, 00
0. 05
.00
O, OO0
0,02
0, 00
Q.02
Q. Q0
O, 00
Q.00
O, OO
0. 00
O, 00
0,01
Q.00
O . OO
Q.00
Q.00
O, 00
O, 00
Q. OO
0.72
Q.01
0,07
0. 00
0,00
O, 00
.20
0.01
Q.00
0. 00
0. 00
Q.00
Q.00
Q.00
Q.04

24

Day
579
580
581
582
583
584
588
586
o987
588
589
590
591
592
393
594
5935
596
597
598
599
[=1818]
601
HOZ
603
604
&H05
606
607
6OB
609
610
611
612
6173
b14
615
616
617
618
619
L20
621
622
623
624
625
L2686
&27
28
629



Raintall at the Uwekahuna Vault

Sample
459
460
4461
462
4463
464
465
466
467
468
469
470
471
472
47
474
475
476
477
478
479
480
481
482
483
484
45
486
487
488
489
490
491
492
49=
494
4935
494
497
498
499
500
501
502
S03
S04
505
3506
507
508
S09

Date
2188
ez2es8
2588
22488
2588
92488
Q2788
92888
92988
I0es
100188
100288
100388
100488
100588
100688
100788

100888 .

100988
101088
10118
101288
1013788
101488
101588
101788
10188
101988
102088
102188
102268
102388
102488
102588
102688
102768
102888
102988
103068
103188
110188
110288
1103788
110488
110588
110688
110788
110888
110288
111088
111188

Rain{in)
0.1
0, 00
[ ely
0, 00
Q.00
O, 00
G.14
.01
Q.03
0.12
e OO
0. 00
Q.00
0, 00
O, OO
.05
0,02
O, 00
Q. OO
Q. Q0
Q.00
O, OO0
.14
O, 00
O, G0
Q.95
1.65
.11
0.19
0,01
.58
Q.48
0.1
Q0,02
Q. 00
O, Q0
0,01
Q.00
0. 00
Q.00
O, 00
Q.00
.03
0.24
6. 10
0.75
Q.03
Q.00
0, 00
0,21
.59

25

Day
&0
&3
6E2
633

4
63T
636
&37
&IE
639
640
641
642
647
&44
645
64d
647
&48
649
650
651
652
6573
654
656
657
658
659
H6O
béel
bbe2
Y%A
bb4a
665
bbb
&67
668
669
670
671
&72
673
674
&7S
6746
677
678
679
&80
681



Rainfall at the Uwekahuna Vault

Sample
510
511
512
513
514
515
316
517
518
319
320

£
P

e
.

=y
o al et

524
525
526
527
528
529
530
53

532
53

535
536
5

538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560

Date
111288
111388
111488
111588
1114688
111788
111888
1119686
112088
112188
112288
112388
112488
112588
112688
112788
112888

112988 .

113088
120188
120288
120788
120488
120588
120488
120788
120888
120988
121088
121188
121288
121388
121488
121588
121688
121788
121888
121988
122088
122188
122288
122388
122488
122688
122788
122488
122988
123088
123188

10189

10289

Rain{in)
0,02
.02
0,04
1.160
Q.01
0, 00
0.17
GO0
0.02
0,03
Q.03
.66
0.31
e 00
.30
.00
0,02
Q.00
0,05
0, 02
0. 00
0.00
0.07
0. 00
0. 07
O.11
0. 01
O, 00
0. 00
0.05
0,00
0,00
O, 00
0, 00
0. 00
O.61
0.12
0.463
0.09
0.15
Q.08
0.01
O.03
1.24
0. 00
Q.03
0, 80
1.10
F00
0.90

Q.20

26

Day
&82
683
684
683
&86
&87
688
&89
690
631
692
695
694
&93
&6%4
697
598
639
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
7246
727
728
729

a0
731
732

oy o
7



Rainfall at the Uwekahuna

Sample
561
962
563
564
565
566
567
568
569
570
571
572
S73
574
575
576
577
578
579
580
581
582
583
584
585
586
587
=88
589
590
591
592
593
594
595
596
3597
598
S99
&O0
601
602
60T
604
605

Date

103289
10489
10589
10689
10789
10889
10989
11089
11189
11289
11389
11489
11589
11689
11789
11889
11989

12089 .

12189

2389
12489
12589
12689
12789
12889
12989
13089
13189
20189
20289
20389
20489
20589
20689
20789
20889
20989
21089
21189
21289
21389
21489
21589
21689
21789

Vault

Rain{in)
Q.11
.12
0. 00
.00
.00
1.873
0.88
0.91
2.61
0.24
1.30
1.64
1.33
1.58
0, 09
0,03
0,01
0,01
0.12
Q.03
0.10
0,354
0. 00
Q.00
0.17
0.01
0, 00
0.20
0.00
0. 00
0. &0
O.50
0.13
1.29
Q.63
0.12
Q.02
1.36
1.10
1.08
0.01
0,00
0.18
0. 00
Q.00

27

Day
734
735
734
77
738
739
740
741
742
743
744
745
744
747
748
749
7S50
731
752
754
735
736
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
773
776
777
778
779



